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The authors analyze the determinants of fatalities in 2,194 large flood events in 108 countries between 1985 and 2008 . Given that socioeconomic factors can affect mortality right in the aftermath of a flood, but also indirectly by influencing flood frequency and magnitude, they distinguish between direct and indirect effects of development on flood mortality. The authors find that income is negatively associated with the frequency of floods and, conditional on their magnitude, the fatalities they cause in developing countries. However, for This paper is a product of the Environment and Energy Team, Development Research Group. It is part of a larger effort by the World Bank to provide open access to its research and make a contribution to development policy discussions around the world. Policy Research Working Papers are also posted on the Web at http://econ.worldbank.org. The corresponding author may be contacted at sferreir@uga.edu. developed countries they find that increased income is associated with more fatalities, both directly (conditional on flood occurrence and magnitude) and indirectly through an increase in the frequency and magnitude of flood events. Also in contrast to the literature, they find that the effect of governance on flood frequency and fatalities in developing countries is U-shaped, with improvements in governance reducing the numbers of floods and deaths when governance is weaker but raising them when governance is stronger. 
Introduction
Recent studies have analyzed the role of socioeconomic factors in determining fatalities from natural disasters (Kahn 2005 , Kellenberg and Mobarak 2008 , Cavallo and Noy 2010 , 1 earthquakes in particular (Anbarci et al. 2005 , Escaleras et al. 2007 , Keefer et al. 2010 ). An appealing and intuitive general finding from these studies is that countries that are richer and have stronger institutions suffer fewer deaths from natural disasters, as they are evidently better able to agree on, invest in, and enforce zoning regulations, building codes, and other preventive measures.
In this paper, we analyze new data on 2,194 flood events in 108 countries during , and our results tell a very different story. Although we find that income is negatively associated with the frequency of floods and, conditional on their magnitude, the fatalities they cause in developing countries, we find that it increases flood frequency, magnitude, and fatalities in developed countries. Also in contrast to the literature, we find that the effect of governance is not uniformly salutary. Its effect on flood frequency and fatalities in developing countries is U-shaped, with improvements in governance reducing the number of floods and deaths when governance is weaker but raising the number when governance is stronger. We find no evidence that governance affects flood magnitude in developing countries or flood frequency, magnitude, or fatalities in developed countries.
4 flood events, especially remotely sensed data from NASA, the Japanese Space Agency, and the European Space Agency, which provide frequent updates of worldwide surface water conditions. It records floods with -significant damage to structures or agriculture, long (decades) reported intervals since the last similar event, and/or fatalities.‖ The DFO Archive is used more often than EM-DAT by flood researchers, as it provides more detail on flood events, including flood magnitude and GIS data on specific areas affected within a given country, and has a reputation for strong quality control.
In addition to exploiting a new data source, we take steps to identify the effects of income and governance more rigorously than previous disaster studies have. Although most studies have analyzed panel data, only one has exploited this data structure to include country and year effects that control for unobserved heterogeneity in spatial and time dimensions (Kellenberg and Mobarak 2008) . The exception separately analyzed countrylevel data on fatalities caused by earthquakes, landslides, windstorms, and extreme temperature in addition to floods, and unlike our study it found that income had an inverted U-shaped impact on flood fatalities. It excluded governance indicators, however, so this effect might not be an unbiased estimate of the income effect. Several other studies have included both income and governance but not country or year effects (Kahn 2005 for the same five types of disasters; Anbarci et al. 2005 and Keefer et al. 2010 for earthquakes).
Kahn applied instrumental variables to a subsample of the countries in his model, but this caused all the income and governance variables to become insignificant at 5%, and not just because the standard errors rose. Keefer et al. allowed income and governance to have nonlinear effects, but not in the same model.
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Our models include country and year effects and allow income and governance to have nonlinear effects in the same model. The usual reason economists are reluctant to include country effects in panel models is concern that governance indicators exhibit too little within-country variation to permit identification of their effects. The indicators in our sample exhibit substantial variation within countries, and this enables us to identify highly significant effects of both income and governance, not just one or the other, in several models. As mentioned earlier, these effects evidently differ between developing and developed countries, which is important given that floods have a disproportionate impact in developing countries. These differences are broadly consistent with concerns raised by hydrologists about flood management practices in developed countries, especially the United States.
Models
Income and governance might affect flood fatalities through a variety of indirect and direct pathways (Table 2) . They might affect it indirectly through an impact on the number of floods, by facilitating the construction, maintenance, and retrofitting of bridges, dams, levees, and other flood-management infrastructures and by facilitating the adoption and monitoring of zoning regulations, as land use can affect flooding risks (upper left-hand cell in Table 2 ). For example, regulations that reduce the expansion of impervious surfaces could result in less frequent flooding. Income and governance might also influence the effectiveness and celerity of flood management actions that affect the magnitude of flooding, through dam releases and the use of sandbags (lower left-hand cell). The DFO data enable us to estimate models for both the frequency and magnitude of floods.
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Once a flood has taken place (that is, conditional on occurrence and magnitude), income and governance might affect the number of casualties by keeping people out of harm's way (upper right-hand cell). Zoning regulations limiting construction and settlement into flood plains can do this preemptively. Likewise, monitoring and information systems can facilitate evacuation from high-risk areas before flooding occurs.
A well-functioning emergency and healthcare system can reduce the number of casualties after the flood has occurred (lower right-hand cell).
Flood frequency
We measure flood frequency by the number of floods (F) in country j in year t. We model it as a function of population exposure, measured by the country's population (Pop); two socioeconomic indicators of vulnerability, income per capita (Y) and governance (G); the natural characteristics of the country (Z); unobserved effects for countries (c j ) and years (θ t ); and an error term (u jt ):
All the explanatory variables except the natural characteristics of the country are lagged one period to mitigate potential endogeneity bias.
Natural characteristics of a country that could be correlated with flood frequency include total land area, precipitation, latitude, elevation, and proximity to the coast. More frequent floods are expected, ceteris paribus, where there is more area to be flooded and more rain. Latitude, elevation, and proximity to the coast are also important determinants of climate systems. These variables are all time-invariant, so they drop out of models that include country effects, which capture their effects and the effects of other fixed country 7 characteristics. The year effects control for time-varying factors that affect all countries, such as changes in reporting in the DFO archive.
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We also include in Z two proxies for land-use patterns: the percentage of urban population and total forest area. Increased urbanization and the related increase in impervious surfaces are believed to exacerbate flooding. Despite widespread belief that forests can prevent and reduce floods, the effect of forests on the probability and magnitude of flood events remains controversial (FAO and CIFOR 2005) . Bradshaw et al. (2007) used global flood data to show that forests are associated with lower flood risk and severity.
Using the same data, Van Dijk et al. (2009) offered an alternative explanation: floods are correlated with population exposure, which Bradshaw et al. omitted. We therefore control for both forest area and population.
Equation (1) is our benchmark specification, but we consider variants with additional controls. We add domestic credit to the private sector to capture access to private investments in self-protection against flooding. We include a Gini coefficient to capture the degree of inequality in the distribution of income within a country, which Kahn (2005) and Anbarci et al. (2005) found to be an important factor explaining earthquake fatalities. Gini values range from zero to one, with values closer to one indicating greater inequality.
Finally, as in Kellenberg and Mobarak (2008) , we allow for potential nonlinear effects of income through a quadratic specification. We also allow for nonlinear effects of governance, which resource economics studies outside the realm of natural disasters have found to be significant (e.g., Ferreira and Vincent 2010).
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Flood fatalities
Unlike equation (1) and most previous papers on natural-disaster fatalities, the unit of analysis in our model of the number of people killed (D) is not country-year but rather an individual disaster, 3 in our case a particular flood event i in a given country and year. The benchmark specification parallels equation (1), with v ijt now used to denote the error term:
One difference is that Pop ijt is now event-specific. As described later, we generated this variable by overlaying the area of a country affected by a particular flood event with a global population map. Income per capita and the governance indicators are only available at the country-year level, so they are matched more coarsely to the corresponding flood events. For the same reason as in equation (1), we lag all the explanatory variables except a country's natural characteristics.
In addition to event-specific deaths, the DFO provides a measure of the physical magnitude of each flood event (M). This variable enables us to decompose equation (2) into two components. The first is a model of the effects of income and governance on deaths, conditional on flood magnitude:
w ijt is the error term. This equation isolates the direct effects of the variables, as shown in the right-hand side of Table 2 . 4 The second is a model of effects on flood magnitude:
z ijt is the error term. Like equation (1), this focuses on the variables' indirect effects, but on magnitude instead of frequency.
As with equation (1), we consider variants of equations (2)- (4) that include private credit, the Gini coefficient, and quadratic values of income and governance. 
Flood data
We coded the dependent variable in equation (1), F jt , as zero if the DFO reported no floods in a country in a given year. Otherwise, we set it equal to the sum of reported events for that year. On average, there was just over one flood per country-year in the sample (Table   3 ), but the number varied considerably, as the standard deviation was more than twice the mean. More than half (57%) of the observations equaled zero.
Flood deaths recorded in disaster databases, including the DFO's, are typically from drowning and severe injuries. Deaths from unsafe or unhealthy conditions following a flood are also a health consequence, but disaster statistics typically include only the deaths recorded while the event is -active‖ (Combs et al. 1998; Jonkman and Kelman 2005) . Most events in our sample killed at least one person, as the proportion of events with zero deaths was just 9.9 percent. Table 3 shows that the mean number killed was large, 119, with great variation: the standard deviation was more than 20 times as large. The frequency distribution of this variable shows that the large mean and standard deviation are due to a long right tail, as more than 90 percent of the values are under 100. One particular event, flooding from a 1991 Bangladesh cyclone that had a death toll of 138,000, has an especially large impact on the mean and standard deviation. As a robustness check, we estimate models that exclude events with unusually large death tolls.
As water bodies are not confined to national boundaries, some floods in the archive (less than 10 percent) are regional in scope. For these events, the reported number of deaths is the aggregate figure per event, with no available split between the countries affected.
Because of this restriction, our sample excludes multi-country floods from all models.
The DFO reports the magnitude of a flood as the log of the product of three terms: area affected by the flood (in km 2 ) × flood duration (in days) × flood severity. Floods are divided into three severity classes depending on their estimated recurrence interval. Class 1 floods have a 10-20 year-long reported interval between similar events, class 1.5 have a 20-100 year recurrence interval, and class 2 have a recurrence interval greater than 100 years.
Flood magnitude varies much less than either the number of floods or the number of deaths, with the standard deviation being smaller than the mean.
Exposure: Population in flooded areas
Each entry in the DFO's register of major flood events has an associated GIS polygon representing the area affected by that event. The DFO uses news and governmental sources 11 to determine this geographic area. Using GIS, we overlaid flood maps with population maps from the Gridded Population of the World v3 (CIESIN-CIAT 2005) to obtain estimates of the population exposed to each event. Population grid maps are available in 5-year intervals since 1990. We calibrated an exponential curve for the remaining years to complete the panel. We used the resulting variable in the flood fatality and magnitude models (equations (2)- (4)) instead of national population, which was used in the flood frequency model (equation (1) 
Vulnerability: Socioeconomic and governance indicators
The indicator of income is GDP per capita converted to constant 2005 international dollars using purchasing power parity rates. It comes from the World Development Indicators (WDI 2010). Although GNI per capita more accurately measures the income of a country's population, it was available for slightly few countries and years than GDP per capita. The choice between GDP per capita and GNI per capita is inconsequential in our models: we estimated all the models using both measures, and results were virtually indistinguishable.
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Additional socioeconomic controls included in model variants were drawn from the same source, including domestic credit to the private sector, expressed as a percentage of GDP.
Data on the Gini coefficient were drawn from a more complete World Bank source (Milanovic, 2005) . (Knack and Keefer 1995; Mauro 1995 Mauro , 1997 Ferreira and Vincent 2010) . We also included the indicators individually, with particular attention paid to three of them: corruption, democratic accountability, and ethnic tensions. Escaleras et al
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(2007) and Keefer et al. (2010) find that earthquake fatalities increase with corruption, while Anbarci et al. (2005) and Kahn (2005) find that fatalities are associated with ethnic fragmentation. Wheeler (2010) uses a variable capturing democratic accountability and citizens' political freedoms as a measure of transparency in disaster reporting. Table 4 shows that the coefficient of variation for the income variable used in our models was larger within countries than between countries. Although it was smaller within countries than between countries for the governance variable, it remained relatively large in samples that included all the countries or just developing countries. The country effects apparently risk eliminating too much of the variation needed to identify the effects of the income and governance variables only for governance in developed countries.
Other controls
A country's total land area (km 2 ), urban population percentage, and mean annual national precipitation come from WDI (2010). Latitude (in absolute value), mean elevation (meters above sea level), and proximity to coast (measured by the percentage of land area within 100 km of ice-free coast) come from Gallup et al. (1999) . Data on total forest area (km 2 ), encompassing both natural forests and plantations, are available for 1990, 2000, and 2005 from FAO (2001 FAO ( , 2007 . We interpolated estimates for other years by calibrating an exponential curve to the three observations for each country and expressed forest area as a percentage of total land area. Descriptive statistics for these variables are presented in Table 3 . Aside from urban population percentage and forest percentage, all are timeinvariant and appear in the models only if we exclude the country effects.
The WDI provides data on mean national precipitation for just 2008. Due to this limitation, our FE regressions do not include precipitation, but we doubt this omission 14 biases the results. Appendix Table A2 shows that time-invariant physical features of countries explain 73 percent of the variation in the 2008 precipitation data, which implies that country effects should do a good job of controlling for differences in mean precipitation between countries.
Econometric methods
The number of floods in a country-year in equation (1) and the number of deaths during a flood event in equations (2)- (3) caused by an unobserved effect that follows a Gamma distribution. Moreover, the unconditional version of the fixed effects negative binomial model does not provide consistent estimates when the number of panels is much above 20 (we have 92-108 countries, depending on the specification), while the conditional version does not control for individual fixed effects unless a very specific set of assumptions are met (Hilbe 2007 , pp. 205-7, Guimarães 2008 .
A random effects Poisson model is also available, but Hausman tests rejected it in favor of the fixed effects model (p < 0.001). A fixed effects model is also preferred conceptually (Wooldridge 2002 , pp. 250-1): our sample is not a random draw of countries or flood events, and the magnitude of the number of countries in it is not much larger than the magnitude of the time dimension (24 years). In any event, the parameter estimates in the random effects model turn out to be similar to those in the fixed effects model, which is not surprising. The random effects estimator weights within variation relatively more heavily than between variation as the time dimension lengthens, and our sample period is relatively long compared to typical microeconometric applications of random effects models.
The use of Poisson and other limited-dependent variable models has been challenged, as their marginal effects often differ little from the marginal effects of linear models applied to the same data, despite the fact that a nonlinear model might fit the conditional expectation function better (Angrist and Pischke 2009, p. 107) . Nonlinearity is clearly present in our data. Box-Cox transforms for equations (1)- (3) Hence, three estimators were used for models (1)- (3)-linear fixed effects, regular Poisson, and fixed effects Poisson-while just pooled OLS and linear fixed effects were used for model (4).
Two specification issues applied to all four equations. The first was whether to express GDP per capita in logarithmic form, which is a common transformation in the literature. We estimated the models with this transformation and without it, and we found that results were not very sensitive to it. We therefore adhered to the convention and used the log of GDP per capita.
The second issue was testing for nonlinear effects of income and governance. We estimated four versions of each equation/estimator combination: linear income with linear governance, linear income with quadratic governance, quadratic income with linear governance, and quadratic income with quadratic governance. We selected the quadratic specification as the preferred specification when the linear and squared terms were both individually significant at 10% or better.
There could be a problem of sample selection with equations (2)- (3), because data on the number of deaths are only available for countries that experienced flooding episodes. This is sometimes called incidental truncation. We applied the test developed by Wooldridge (2002, p.667) for Poisson regression models and did not reject the null that there is no truncation bias. 9 This does not imply that there is no correlation between selection in a given period and the country effects or the explanatory variables, but it does rule out correlation between selection and the idiosyncratic errors.
Results
Tables 5-8 present estimation results for equations (1)- (4), respectively. All models shown exclude domestic credit, which was consistently insignificant and had a negligible effect on other coefficient estimates when it was included (results are available upon request).
Effects of income and governance
Choice of estimator has a large impact on the results. The first three columns of Tables 5-7 compare results across the linear FE, regular Poisson, and FE Poisson models for flood frequency (Table 5) and fatalities (Tables 6-7 We have more confidence in results from the FE Poisson model than results from the other two, as it is the only model that accounts for both unobserved heterogeneity across countries and the count-data nature of the dependent variables in the frequency and fatality models.
The first two columns of Focusing then on the third column in Tables 5-7 and the second column in Table 8 , the effect of income is negative and significant on frequency, fatalities conditional on magnitude, and magnitude up to a turning point of $4,120, which is at about the 50 th percentile of the sample and corresponds to countries at the lower end of the upper middle income group according to the World Bank's classification. These results imply that economic growth in low and lower middle income countries tends to reduce the frequency of floods, their magnitude, and, conditional on magnitude, the number of fatalities they cause. For countries in higher income groups (upper middle income, high income),
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economic growth provides two of the three benefits-reduced frequency and, conditional on magnitude, fatalities-but not reduced magnitude. In those countries, economic growth results in floods occurring less frequently but being larger when they do occur. The insignificant effect of income on fatalities in equation (2), which does not control for magnitude (Table 6 , column 3), reflects these results: the negative effect of income on fatalities conditional on magnitude is offset by income's nonlinear effect on magnitude, which has a positive effect on fatalities (Table 7 , column 3). So, at higher income levels, economic growth is associated with increased flood magnitude, which in turn is associated with increased fatalities.
Governance significantly affects flood frequency and fatalities but not magnitude.
In the case of fatalities, it is significant both without and with the control for magnitude.
Like the effect of income on magnitude, it has a U-shaped effect on frequency and fatalities, with turning points toward the interior of the distribution in the estimation sample. Improvements in governance thus tend to reduce the number of floods and fatalities in countries with weaker governance but to raise them in countries with stronger governance.
Splitting the sample between developing and developed countries reveals that the effect of governance on frequency and fatalities is due entirely to its effects in developing countries (columns 4-5 in Tables 5-7) . For the developing country sample, the preferred specification for governance in the frequency and fatality models is the same as for the overall sample, i.e. quadratic (with some loss of significance for frequency), while governance does not have a significant effect, not even linearly, in any of the models for the developed country sample. This difference could be due to the within-country variation 20 in the governance variable being greater in the former sample than the latter (Table 4) ; if so, we failed to identify an effect of governance on flood frequency and fatalities in developed countries purely for a statistical reason, not because no effect exists.
In contrast, the U-shaped effect of income on flood magnitude is due entirely to the influence of developed countries in the overall sample, as this effect is observed only in the developed country sample. A U-shaped income effect is also observed for both fatality Reverting to the all-country sample, the effects of income and governance on fatalities and magnitude are heavily influenced by high-fatality flood events, defined as ones in the 95 th percentile (column 6 in Tables 6-7, column 5 in Table 8 ). Excluding those events causes governance to become insignificant in both fatality models (it was already insignificant in the magnitude model) and income to retain marginal significance only in the fatality model that controls for magnitude, with the effect being negative for most countries (the relationship is an inverted U, but the turning point is low). Income and governance evidently matter only for floods that pose the greatest risk to affected populations. Appendix table A3, for flood frequency and magnitude, and table A4, for flood fatalities, show the results of the preferred specifications for corruption, ethnic tensions and democratic accountability, the individual indicators of governance previously analyzed in the literature. While the effects of corruption and ethnic tensions on fatalities and magnitude are similar to the effects of overall governance, democratic accountability is mostly insignificant.
Effects of other variables
Aside from income and governance, population of the affected area, urban population percentage, and forest area percentage are the only time-varying explanatory variables in the models discussed so far. Forest area percentage does not have a significant effect in any of the FE models. In the all-country sample (column 3 in Tables 5-7, column   2 in Table 8 ), the only significant effect of population or urban population percentage is a negative one on flood magnitude. These variables thus reduce the number of fatalities indirectly. A negative effect of population on magnitude also occurs in the developing country sample and is the only significant effect of population in that sample. In contrast, for developed countries a marginally significant, negative effect on magnitude occurs alongside positive effects on frequency and fatalities, especially fatalities conditional on magnitude. The effects of urban population percentage also differ between the two samples, being significant and positive for flood frequency, and significant and negative for magnitude, in the developing country sample but oppositely signed in the developed country sample.
22
The negative effects of population and urban population percentage on flood magnitude in the all-country sample persist when high-fatality floods are excluded (column 5 in Table 8 ). In addition, population now has a significant, positive effect in both fatality models, similar to its effect in the developed country sample.
The final columns of Tables 5-8 show results for models that include the Gini coefficient. Including this variable cuts the sample by more than half. Even without including the Gini (results not shown, but available upon request), models restricted to this sample show much less evidence of a significant effect of income or governance than corresponding models estimated using data from all countries or just developing or developed countries. So, the lack of significance of income and governance in the models in the final columns is due to a sample-selection effect, not the addition of the Gini. The notable result in these models is that the Gini has a positive and significant effect on fatalities (both without and with the control for magnitude) and magnitude. Increased inequality thus tends to increase fatalities both directly and indirectly.
Discussion and Conclusions
Some There are several reasons why one might expect increased income to reduce disaster mortality. It can support development of better forecasting and warning systems, as investment in computer modelling of storms and early warning systems can facilitate mass evacuations and save lives (Sheets & Williams 2001) . It can also facilitate the provision of better medical care, emergency treatment, and crisis management (Athey and Stern, 2002) .
In the case of floods, however, some other investments that larger incomes enablespecifically, infrastructural solutions to flood control-might be less benign. While some infrastructural solutions, in particular dams, can reduce the frequency and magnitude of flood events, channelization and levee construction can increase flood stages. There is little 24 disagreement among hydrologists that levees increase flood levels. Floodplain encroachment and managed flood-control systems alter natural flooding patterns, which can increase the number of floods (Pinter 2005) . For example, levee construction and channelization have deepened and narrowed the major rivers of North America. Narrower channels exhibit more variable and higher discharges than broader, unimpounded rivers.
River engineering might thus magnify flood stages and shorten the average recurrence interval for major floods (Criss and Shock 2001) . In the United States, this process has continued even after disastrous floods have occurred, such as the great Midwestern flood of 1993 (Pinter 2005) . The positive effect of income on flood frequency and magnitude in developed countries perhaps reflects this river engineering approach, while the negative effect of income on flood frequency in developing countries reflects an approach that, so far anyway, has relied more on dams.
Despite resulting in more frequent and larger floods, river engineering may result in a -safe development paradox‖ (Burby 2006) , with people believing that levees and other flood-control infrastructure will protect them and thus exposing themselves to higher risks and failing to take private actions to protect themselves. The large number of fatalities in New Orleans during Hurricane Katrina has been held up as a recent example of this (Burby 2006 ). This paradox could explain the positive effect of income on flood fatalities in developed countries, even controlling for flood occurrence and magnitude. In contrast, the negative income effect in developing countries could be due to increased investment in early warning systems, evacuation programs, and emergency medical care. Our results imply that there is still a gap between developing and developed countries in this regard, however: although flood magnitude has a positive impact on the number of deaths in both groups of countries, the size of its impact is slightly larger in developing countries, which is consistent with those countries having fewer resources to cope with larger floods.
The safe development paradox also offers a possible explanation for our finding that larger population exposure results in a larger number of deaths in developed countries but not in developing countries. Facing a flood, people in developed countries may be more likely to think they will be protected by levees, while people in developing countries may be more likely to evacuate. Population in the affected area has a very robust negative impact on flood magnitude across all samples, including both developing and developing countries, which suggests that the safe development paradox is not simply a matter of the number of people located in flood zones but also their behavior and the behavior of governments toward them. More people means more hands to fight a flood, and it also means a higher payoff to actions that mitigate flooding in heavily populated areas.
Differences between developing and developed countries also appear for the other population variable in our models, the urban population percentage. Increased urbanization is associated with more frequent, smaller floods in developing countries but less frequent, larger ones in developed countries. The urbanization variable is measured at the national level, not the area affected by a flood, and it potentially reflects the effects of both physical and social factors: increased urbanization increases runoff because urban surfaces are more impervious than undeveloped land, but it also increase incentives for governments to prevent floods in urban areas. Differences in its effects between the two groups of countries may be due to differences in the relative importance of these two factors. The result for developed countries is consistent with governments choosing to manage floods so as to spare cities, for example by flood diversion and inundation of large rural areas. This would 26 be reflected in the DFO's flood magnitude measure, which includes the area affected as one of its three components.
Regarding governance, our results indicate that it helps explain flood mortality only in developing countries. In addition, they indicate that its effect is more complicated than suggested in previous papers, which have examined only a linear effect, with higher levels of democratic accountability and lower levels of corruption being associated with reduced disaster mortality (Kahn 2005 , Keefer et al. 2010 . We find that improvements in our governance index reduce flood frequency and flood mortality in developing countries only up to a point, which roughly corresponds to the mean/median. Beyond that threshold, further improvements in governance are associated with increases in both flood frequency and flood mortality. We find no effects of improvements in governance in developed countries, although that might be due to our governance index varying less within those countries than developing countries. Hurricane Mitch has highlighted the abilities and limitations of municipalities and other local actors in Central America to act in the immediate aftermath of a disaster and in the period of reconstruction. Local actors have mobilized a remarkable effort following Mitch; however they were often forced to respond in an ad-hoc fashion due to the inadequacy of both disaster preparation and internal capacities, and the lack of financial resources. As a result, the Hurricane has also re-energized the debate on decentralization as a factor in the region's reconstruction and long term development.
http://www.iadb.org/regions/re2/consultative_group/groups/decentralization_workshop.htm
In principle, we could test the potentially opposing effects of governance and decentralization by adding a variable that measures degree of decentralization to our models. Unfortunately, decentralization indicators for our sample are not readily available.
We do not believe that our results are driven by improved reporting of the number of floods and fatalities associated with larger incomes or better governance. If that were the 28 case, we would expect income to have a positive (not a negative) impact on flood frequency in developing countries. Better reporting cannot satisfactorily explain the nonlinear impacts of governance either. Moreover, our regressions include country and time fixed effects. A caveat noted explicitly by the DFO is that the quality of the floodevent information varies from nation to nation: -[N]ews from floods in low-tech countries tend to arrive later and be less detailed than information from ‗first world' countries.‖ In addition, less democratic countries might systematically underreport the number of casualties. Both these effects are captured by the country-specific effects as long as they are constant over time. If reporting improves over time, however, country fixed effects will not pick up the differences in reporting. Time fixed effects will pick them up as long as these improvements are driven by, say, technological change (e.g., improvements in remote sensing, which DFO uses extensively) or international initiatives that are common to all the countries.
The result that income and governance matter only when we include high-fatality floods parallels a finding that these variables have larger effects on earthquake fatalities when the sample is limited to large earthquakes (Keefer et al. 2010) . It could be due to the aggregate nature of our measures of income and governance, which are measured at the national level. Big events that cause many fatalities are more likely to attract the attention of national governments than small events, which are more likely to be left to state and local governments to manage. If so, then it makes sense that our income and governance variables are significant when we include the larger events but not when we exclude them, as they do not reflect the differences in income and governance that exist between different parts of a country and are important for explaining subnational responses to smaller floods.
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Identifying the effects of income and governance on smaller flood events might therefore require the development of more disaggregated versions of these variables, comparable to the event-specific population variable that we used in our flood fatality and magnitude models. (Data version: v12.07, 2010) .
To be included in the database, an event needs to fulfill at least one of the following criteria: (i) 10 or more people killed, (ii) 100 or more people reported affected (typically displaced); (iii) a declaration of a state of emergency; (iv) a call for international assistance.
The "Other" category includes wildfires, wet and dry mass movements (landslides, avalanches, etc.), and volcanoes. People dead include persons confirmed as dead and persons missing and presumed dead. People affected are those requiring immediate assistance during a period of emergency, i.e. requiring basic survival needs such as food, water, shelter, sanitation and immediate medical assistance. Gallup et al. (1999) for physical characteristics. Flood magnitude = log(affected area*flood duration * flood severity). See text for detailed description of variables. Corruption "distorts the economic and financial environment; it reduces the efficiency of government and business by enabling people to assume positions of power through patronage rather than ability; and, [...] , introduces an inherent instability into the political process." Bureaucratic Quality "the bureaucracy has the strength and expertise to govern without drastic changes in policy or interruptions in government services" Law and Order "assessment of the strength and impartiality of the legal system" and "of popular observance of the law" Ethnic Tensions
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Religious Tensions "the degree of tension within a country attributable to racial, nationality, or language divisions" -the risk involved in these situations range from inexperienced people imposing inappropriate policies through civil dissent to civil war‖ Government Stability "government's ability to carry out its declared program(s), and its ability to stay in office" Democratic Accountability "how responsive government is to its people, on the basis that the less responsive it is, the more likely it is that the government will fall, peacefully in a democratic society, but possibly violently in a nondemocratic one" 
Panel B Correlation coefficients among governance indicators
